Appl. No. 10/084,320 

Amdt. dated December 20, 2006 

Reply to Office action of April 20, 2006 

Amendments to the Description: 

Please replace the entire Summary of the Invention Section beginning at page 3, line 30 
to page 4, line 31, with the following amended paragraphs: 

In accordance with a first aspect of the present invention, there is provided 
an apparatus for humidifying first and second process gas streams, the apparatus 
comprising: 

(a) a steam supply line; 

(b) a first humidification unit having an inlet for the first process gas 
stream and a first steam supply means connected to the steam supply line, for 
supplying steam into the first process gas stream, to add humidity to the first process 
gas stream at a first temperature, to a humidity well in excess of a required humidity 
level; 

(c) a first heat exchanger connected to the humidification unit, for cooling 
the process gas stream to a second, lower temperature, whereby excess moisture in 
the first process gas stream condenses; 

(d) a separator connected to the first heat exchanger, for removing the 

condensed moisture, whereby the first process gas stream leaving the separator has a 
known temperature and a known humidity level; 

(e) a first heater connected to the separator, for heating the first process 
gas stream to a third temperature, greater than the second temperature, whereby the 
process gas stream has a known absolute humidity level; 

(f) a second humidification unit including an inlet for the second process 
gas stream and a second steam supply means connected to the steam supply line, for 
suwMif^- supplvinq steam into the second process gas stream, to add humidity to the 
second process gas stream at a fourth temperature, to a humidity well in excess of a 
required humidity level; 

(g) a second heat exchanger connected to the humidification unit, for 
cooling the second process gas stream to a fifth, lower temperature, whereby excess 
moisture in the second process gas stream condenses; 
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(h) a second separator connected to the second heat exchanger, for 
removing the condensed moisture, whereby the second process gas stream leaving the 
second separator has a known temperature and a known humidity level; and 

(i) a second heater connected to the second separator, for heating the 
second process gas stream to a sixth temperature, greater than the fifth temperature, 
whereby the second process gas stream has a known absolute humidity level; 

wherein the first heater comprises a third heat exchanger and, wherein 
each of the first and third heat exchangers is provided with a corresponding first 
temperature control circuit for controlling the temperature of the corresponding heat 
exchanger and including a conduit for a fluid, a pump for pumping the fluid and a first 
cooling means having connections for a first coolant supply, with a first common coolant 
supply being connected to both of the first cooling means^a«4. 

— — w her ei n the secon d heate r c o m pr i s es a f ou rt h teat e x c hang er, w hemift 

eaeh-of— the- seco nd and fou rth h eat e xc hange rs is prov i ded with - a corresponding 
se cond temp ef at we-eefrtf-ol- ci rc u i t - f o r co fttr-ojting-#te- -temper atoe-ef-tfie ■ eor-f espendlng 
heat-ex chang e r and rnolud ing a condu i t for a s e con d- fluid, a pum p- for pu mping-4he 
secon d -fluid-a nd a s e con d- -c ooling means havi n g conn e ctions for a second coolan t 
s u p ply, with-a-seoond-common-c o ola n t su p p l y b ein g co n ne ct e d to both of t he second 
coo l ing m ea ns. 

In accordance with another aspect of the present invention there is 
provided an apparatus for humidifying a process gas stream, for a fuel cell, the 
apparatus comprising: 

(a) a steam supply line; 

(b) a humidification unit having an inlet for the process gas stream and a 
steam injector connected to the steam supply line, for injecting steam into the process 
gas stream, to add humidity to the process gas stream at a first temperature, to a 
humidity well in excess of a required humidity level; 

(c) a first heat exchanger connected to the humidification unit, for cooling 
the process gas stream to a second, lower temperature, whereby excess moisture in 
the process gas stream condenses; 
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(d) a separator for removing the condensed moisture, whereby the 
process gas stream leaving the separator has a known temperature and a known 
humidity level; and 

(e) a second heat exchanger connected to the separator, for heating the 
process gas stream to a third temperature, greater than the second temperature, 
whereby the process gas stream has a known absolute humidity level; 

(f) a first temperature control circuit, for controlling the temperature of 
the first heat exchanger, the first temperature control circuit comprising a first conduit for 
a first fluid, a first pump for pumping the first fluid, and a first cooling means for cooling 
the first fluid, with the first heat exchanger being located in the first conduit; 

(g) a second temperature control circuit, for controlling the temperature 
of the second heat exchanger, the second temperature control circuit comprising a 
second conduit for a second fluid, a second pump for pumping the second fluid, and a 
second cooling means for cooling the second fluid, with the second heat exchanger 
being located in the second conduit; and 

(h) a common coolant supply connected to the first and second cooling 

means. 

A further aspect of the present invention provides an apparatus for 
humidifying a fuel gas stream and an oxidant gas stream for a fuel cell, the apparatus 
comprising: 

a fuel gas humidification unit having an inlet for the fuel gas stream and a 
first steam injector, for injecting steam into the fuel gas stream, to humidify the fuel gas 
stream at a first temperature to a humidity well in excess of a required humidity level; 

a first, fuel gas heat exchanger connected to the fuel gas humidification 
unit, for cooling the fuel gas stream to a second, lower temperature, whereby excess 
moisture in the fuel gas stream condenses; 

a fuel gas separator connected to the first fuel gas heat exchanger, for 
removing the condensed moisture from the fuel gas; 

a second, fuel gas heat exchanger connected to the fuel gas separator, for 
heating the fuel gas stream to a third temperature, greater than the second temperature, 
whereby the fuel gas stream has a known absolute humidity level; 
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an oxidant gas humidification unit having an inlet for the oxidant gas 
stream and a second steam injector, for injecting steam into the oxidant gas stream, to 
humidify the oxidant gas stream at a third temperature, to a humidity well in excess of a 
required humidity level; 

a third heat exchanger connected to the oxidant gas humidification unit, 
for cooling the oxidant gas stream to a fourth, lower temperature, whereby excess 
moisture in the oxidant gas stream condenses; 

an oxidant gas separator connected to the third heat exchanger, for 
removing the condensed moisture, whereby the oxidant gas stream leaving the second 
separator has a known temperature and a known humidity level; and 

a fourth heat exchanger connected to the oxidant gas separator, for 
heating the oxidant gas stream to a sixth temperature greater than the fifth temperature, 
whereby the oxidant gas stream has a known absolute humidity level; 

wherein a first heater comprises a third heat exchanger and wherein each 
of the first and third heat exchangers is provided with a corresponding first temperature 
control circuit for controlling the temperature of the corresponding heat exchanger and 
including a conduit for a fluid, a pump for pumping the fluid and a first cooling means 
having connections for a first coolant supply, with a first common coolant supply being 
connected to both of the first cooling meansfand^ 

wh e r ei n the s e cond heater compr i s e s a fourth h e at exchang e r, w h e rein 
ea c h of the secon d- and fourth h e a t e xcha ngers is prov i d e d w i th a corr e spond i ng 
second te mp erature co ntro l circu i t for c o ntro ll ing th e t em perature of t he c o r res p o n di ng 
heat-exc han ge r and i nclud i ng -a-ce nduit for -a-se cond f -tu-idr- a pump for-pumping-^he 

second -fluid-and -a -second- cool in g m ean s having co nne ction s for -a-seeend-c^elant 

supply, with a s e cond common coolant supp l y b ei ng conn e ct e d to botn-ef4he--secend 
eoetog m eans . 

In one embodiment, the method further comprises the step of maintaining 
the third pre-set temperature of the process gas stream from step (d) until it reaches an 
inlet of a fuel cell. 
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In accordance with another embodiment of the present invention, there is 
provided an apparatus for humidifying a process gas stream for an operating fuel cell, 
the apparatus comprising: 

(a) a means for super-saturating and heating the process gas stream with 
steam until it reaches a first pre-set temperature; 

(b) a means for cooling the process gas stream until it reaches a second 
pre set temperature; 

(c) a means for removing excess condensed water from the process gas 

stream; and 

(d) a means for heating the process gas stream until it reaches a third pre- 
set temperature. 

In one embodiment, the apparatus further comprises a means for 
maintaining the third pre-set temperature of the process gas stream from step (d) until it 
reaches an inlet of a fuel cell. 

The present invention has many advantages over the prior art. The 
combination of the dewpoint cooling section and reheating section allows rapid changes 
in operating conditions, with response times that are less than 30 seconds. 
Furthermore, the system can be dynamically controlled to provide precise and accurate 
inlet fuel process gas stream temperatures and relative humidities, which are both 
essential for the efficient operation of a proton exchange membrane fuel cell over a 
wide range of current densities. 
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